ABSTRACT A compact dual-polarized antenna element covering the frequency bands of 0.773∼1.0405 GHz and 1.69∼2.83 GHz is proposed in this paper. The nested scheme is adopted and the performances of the lower-and upper-band element are analyzed, respectively. A ground platform in the center of lower-band element lowers the resonance frequency of element, makes the structure compact, and suppress the mutual interference between the lower-and upper-band elements. The simulated and measured results show that the proposed structure has stable smooth radiation patterns and the peak gains of 8.83 and 9.34 dBi for the lower-and upper-band elements, respectively. Based on the proposed elements, an array composed of three lower-band elements and five upper-band elements is designed and measured. The results show that the array achieves a stable flat half-power beamwidth (HPBW), isolation better than 25 dB and cross polarization levels less than -15 dB are obtained. The proposed antenna is a candidate for the multi mobile communication systems.
I. INTRODUCTION
More and more frequency bands are released to meet the extensive increase of global mobile data traffic according to the Shannon Equation. The coexistence of multi mobile communication standards has made the broadband antenna more prevalent in practical use. Broadband antenna array not only covers different communication standards, but also can reduce the cost of base station. The mobile operators can reduce the number of installations and share their site resources to avoid the repetitive construction of telecom infrastructure. Therefore, there are a lot of research on broadband antenna for base station applications. However, it is difficult to cover the whole operating bandwidth with only one antenna element. Thus, the array composed of multi-band elements is a solution for multifunction systems. In addition to the working frequency bands, dual-polarized characteristics,
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Broadband dual-polarized antennas have always been the research hotspot of base station antennas [1] - [8] . The patch antenna has a simple feeding structure, but it is usually needs to introduce parasitic patches to broaden the operating bandwidth [1] . Cross-shaped dipoles and electromagnetic dipoles are widely used in the design of base station antennas with their wide operating bandwidth and wide beamwidth [2] - [7] . In [5] , the spline-edged bowties and the Pawsey stub baluns are adopted to achieve the broadband performance and the stability of radiation patterns.
Dual-band base station antenna is another hotspot of interest. There are mainly two different ways to realize it. One way is that only one element can cover both lower and upper bands [9] - [11] . The drawback of this method is that the antenna performance of two bands cannot be easily adjusted separately. Another way is that two elements with different frequency bands are grouped together [12] - [19] . With grouped element and single upper-band element, the antenna array can be easily designed for higher gain and better directivity [13] , [14] , [17] .
Mutual coupling for grouped element in the operating different frequency bands is a key factor that should be considered. Additional decoupling network can be added to improve the port isolation. This method is effective for the scattering parameters, but not the radiation performance. Side-by-side scheme for lower-and upper-band elements is simple and easy for design. The increase in distance between elements will make the antenna array bulk. Nested scheme is an optimal method to keep array slim and stable radiation performance. In [13] , the upper-band element (1.71∼2.17 GHz) was embedded in the lower-band element (0.79∼0.96 GHz) as octagon aperture shape. The array performances at different electrical downtilt degrees were studied and measured. By changing the width of the additional branches that are located at the edge of the dipole arms, the nested elements can achieve a bandwidth of 50.6% for the lower band and 48.2% for the upper band when |S11| > 15 dB [14] .
In this paper, a compact dual-broadband dual-polarized antenna element is proposed for base station application. The lower-band element consists of two pair dipoles, four baluns, a cricoid pedestal, and a ground platform. The upper-band element is composed of two crossed dipoles, two baluns, and two -shaped feeding strips. The ground platform is connected with the cricoid pedestal, and it can reduce the coupling and lower the working frequency, which means that a compact structure can be obtained. As the reflecting plate, the ground platform also can adjust the beams of upper-band element. An array consisting of three lower-band elements and five upper-band elements is designed and measured. The measured results show that the proposed antenna array can cover 0.785∼1.03 GHz for lower band and 1.66∼2.97 GHz for upper band, within which port isolation better than 25 dB and stable radiation pattern are obtained. The array has a cross-polarization level of lower than -15 dB and flat gain curves. Thus, the antenna is suitable for the mobile communication systems such as GSM, CDMA, WCDMA, TD-SCDMA and TD-LTE.
II. ANTENNA ELEMENT
Consisting of two kinds of antenna elements, the grouped element has three different arrangement schemes [15] . Instead of the side-by-side scheme and the up-and-down coaxial scheme, embedded scheme is chosen due to its narrower width and shorter length. However, the interference between the lower-band element and upper-band element should be considered.
A. LOWER-BAND ELEMENT
The geometry of lower-band element is depicted in Fig. 1 , which can be divided into four parts: two pairs of dipoles, four couples of baluns, a cricoid pedestal, and a ground platform. Each balun has several inclined segments and can lower the height of element. The feeding coaxial line with a length of about λ 0 /4 (λ 0 is the center frequency of lower band) is placed along the balun. The top end of the balun is connected with the arms of the dipole, and the bottom end of the balun is connected with the cricoid pedestal. Two arms of one dipole are designed to be perpendicular to each other. Thus, four dipoles form a square aperture, which can reduce the occlusion of the lower-band element to the upper-band element. A pair of dipoles on the same diagonal have the same polarization, and maximum boresight radiation pattern when they are fed equally in magnitude and phase by one power divider. The input ports of the power dividers are labeled as Port 1 and Port 2, which represents two orthogonal linear polarizations, respectively.
A modification for the dipole of the lower-band element is shown in Fig. 1(d) . At the arm's ends of the dipole, a straight strip and a L-shaped strip are connected with the arms, respectively. It can reduce the dimensions of the overall structure and avoid the influence of the ground sidewall. A ground platform is located in the center of the element and supported by the extended cricoid pedestal, shown in Fig. 1(c) . The performances of the proposed structure with and without the ground platform are shown in Fig. 2 . With the ground platform, the element has a -10 dB operating bandwidth of 29.4% from 0.77 to 1.032 GHz and an isolation of better than 25 dB. Without the ground platform, the antenna element has an operating bandwidth of only 15.4%. Meanwhile, the lowest frequency shift up to 0.82 GHz and the isolation deteriorated to 20dB. The ground platform can make the structure compact and the working frequency band wider. The ground platform can be considered as a parallel branch of the lower-band element. The input impedance is reduced and changes more slowly with frequency. Meanwhile, capacitive reactance is also introduced. Therefore, the capacitance in the equivalent circuit increases, and the resonant frequency decreases. The detailed parameters of the lower-band element are given in Table 1 . The proposed structure has a compact size of 140 mm × 140 mm × 70 mm with a relative bandwidth of 37%. The other specific functions of the ground platform will be explained in the later section. 
B. UPPER-BAND ELEMENT
The geometry of upper-band element is illustrated in Fig. 3 . The element is composed of two crossed dipole for dual polarization, their metal baluns for balanced currents and -shaped feeding strips. Each arm of the dipole has a square-loop shape with a connecting strip along the diagonal, which extend the impedance bandwidth of the proposed structure. In this way, the current path along the edge of square-loop shape can be prolonged and the physical aperture is miniaturized. Regarded as parasitic element, the orthogonal dipole contributes to the resonance and further extends the impedance bandwidth of another dipole. -shaped feeding strip is used to balance the currents on two arms, and make the bandwidth wider. The metal baluns connect with the reflector and support their arms of dipoles.
The upper-band element are ±45 • slant polarization and their input ports are labeled as Port 3 and Port 4. The proposed upper-band element has a compact structure and can be placed in the center of lower-band element with minimal mutual interference. Also the upper-band element can be used alone and also exhibits good performance. The upper-band element is simulated and optimized by the electromagnetic software HFSS v15, the optimized geometric parameters are listed in Table 2 . To better understand the working mechanism of the upperband element, the key parameter S10 is selected to be simulated and analyzed. S10 is the distance between adjacent square-loop arms of the proposed structure. Fig. 4 shows the effects of S10 on the reflection coefficients S33. The orthogonal dipole plays an important role in the performance of resonant frequency and bandwidth. When S10 is 0.5 mm, the proposed dipole has only one resonant frequency with a poor match. With the increase of S10, the first resonant frequency shifts to the lower frequency. Meanwhile, another resonant frequency at nearby 2.7 GHz occurs. Thus a wide bandwidth feature is formed. An optimal value for S10 is selected as 2.0 mm for bandwidth and good match. The corresponding bandwidth is enlarged to 56% from 1.62 to 2.88 GHz for|S33| > 10 dB. 
C. ROLE OF GROUND PLATFORM
The function of the ground platform in the lower-band element has been introduced partially in precious sector. It can lower the frequency resonance and make the structure compact. Except that, the ground platform also can be used as the reflector of the upper-band element. There are several advantages to this elaborate design. 1) The upper-band element can be easily embedded in a lower-band element, shown in Fig. 5(a) . There is no need for a large annular base to install the upper-band element.
2) The radiation performance of the upper-band element is usually influenced by the lowerband element, shown in Fig. 5(b) . The ground platform raised the location of the upper-band element, thus, the mutual interference between the lower-band and upper-band element can be further reduced.
3) The ground platform has four metal sidewalls and can adjust the beam width of the upper-band element. The influence of the ground platform on the nested element (the lower-band element and the upper-band element together) is studied and shown in Fig. 6 . With the ground platform, the S parameters of the upper-band element are less affected by the lower-band element, shown in Fig. 6(a) . Without the ground platform, the upper-band element is placed at the bottom of the lower-band element, shown in Fig. 5(b) . The short distance between the arms of the upper-band element and the baluns of the lower-band element, make the current distributions on the arms change. The radiation patterns of the upper-band element are obviously affected, shown in Fig. 6(b) . The HPBWs of H-plane radiation patterns at 2.2 GHz are widened from 61.5to 81.5 when the ground platform is not designed. And the ratio of front to back and the crossed polarization level have a deterioration of at least 5 dB. When Port 3 is excited, the current distributions on the lower-band element are plotted in Fig. 6(c) . It can be obtained that the ground platform suppresses the strong current on the arms of the lower-band element with same polarization. The mutual interference is improved.
III. RESULTS AND ANALYSIS OF NESTED ELEMENT
A prototype of the nested element is fabricated and measured firstly before the design of dual-broadband antenna array. The detailed parameters of the nested element are given in Table 1 & 2. The prototype is mounted on the reflector with the size of Wg× Lg and the height of sidewall Hg. The photograph of fabricated prototype is shown in Fig. 7 .
The power dividers, placed at the back of reflector, are needed for exciting any pair of dipole in the lower-band element. For the upper-band element, two coaxial lines pass through the reflector and along the cricoid pedestal. The inner conductor connects with the feeding strip and the VOLUME 7, 2019 Good agreements between the simulation and measurement are achieved. The nested element has a working frequency bandwidth of 30.3% for lower band ranging from 773∼1045MHz, and 50.4% for upper band ranging from 1.69∼2.83GHz, respectively. This element has a potential application in the 2G/3G/4G and LTE mobile communication system. The isolations are greater than 20 dB and 25 dB for the lower and upper frequency band ranges, respectively. This is due to better polarization orthogonality and smaller mutual interference. The discrepancy between measured Sparameters and simulation, for example the measured isolation is better than the simulation at the lower band, is mainly due to the inconsistencies between the simulated model and the fabricated one. Some plastic fixtures are added on the lowerband element to keep the structure stability.
B. RADIATION PERFORMANCES
The radiation performance of the nested element is measured with a far-field measurement system. Due to the high symmetry of the proposed structure, the radiation performances of two polarizations are similar. Thus, only the measured radiation patterns of Port 1 and Port 3 separately excited are given. Fig. 9 shows the measured H-plane radiation patterns for lower-band element and upper-band element at different frequencies. It can be noticed that stable directional radiation patterns are achieved for the nested element. The cross-polarization levels are greater than 15 dB across two working frequency bands. With the help of the ground platform, there are little ripples on the radiation patterns for the upper band. Also, the front to back ratios better than 20 dB are obtained for the nested element. of 5 • , while it decreases with the increase of frequency. For the upper band, HPBW stays around 65 degrees in the operating band, except for the two edge frequencies. Over-wide HPBW is mainly due to the influence of the reflecting plant of lower-band element. Even so, the HPBWs of the H-plane radiation patterns for the upper frequency band are still limited to an appropriate range.
The curves of measured gain at different frequencies are also plot in Fig. 10 . It could be seen that the average gains of 8.0 dBi and 8.5 dBi are obtained for the lower-and upperband elements. The proposed structure has the flat measured gain curves across two working frequency bands. The minimum gain is 7.24 dBi at 1.69 GHz, which is attributed to overwide HPBW and the loss of coaxial lines and connectors. The peak gains are 8.83 dBi and 9.34 dBi for the lower and upper frequency bands, respectively.
Several similar antenna elements previously published are selected for comparison with our work, listed in Table 3 . Comparing with the single polarized antenna element [9] , [12] , the proposed element has the feature of making it easier to adjust the beam width and polarization diversity. And when it is compared with dual polarized antenna elements, the compact size and broad frequency bands are the distinctive features of our work. The proposed antenna element can be applied for European Digital Dividend, CDMA, GSM, CDMA2000, WCDMA, FDD-LTE, TD-LTE, and other wireless communication systems.
IV. ANTENNA ARRAY A. OVERALL STRUCTURE
In order to better verify the proposed structure, an array with three lower-band elements and five upper-band elements are designed and fabricated. The upper-band element is placed in the middle of two adjacent nested elements. This means that the separation of the lower-band elements is twice that of the upper-band element. Two additional sidewalls are mounted on the reflector, and they can reduce the impact of the over-wide reflector. The photograph of the array is given in Fig. 11 . The feeding network of the lower-band elements is designed with the coaxial cables, whose lengths and characteristic impedances are deliberately chosen to match. The feeding network of the upper-band elements is composed of one 1 to 3 and two 1 to 2 power dividers. The total losses of feeding networks are 0.4 dB and 0.8 dB for lower band and upper band, respectively.
B. MEASURED RESULTS
The scattering parameters of the array are measured and given in Fig. 12 . It can be seen that the curves have more fluctuations comparing with that of single element. The measured results show that the array has two working frequency bands of 0.785∼1.03 GHz and 1.66∼2.97 GHz for the reflection coefficient less than −15 dB. They are almost identical to the VOLUME 7, 2019 FIGURE 12. S parameters of the array. single element. The isolations are improved and raised up to 25 dB across the entire working frequency ranges.
The radiation characteristics of the array are measured with the far-field measurement system. The H-plane and E-plane radiation patterns at 0.79, 0.9 and 0.96 GHz for the lower-band element, and 1.7, 2.2 and 2.7 GHz for the upper-band element are illustrated in Fig. 13 . The array has a stable directional radiation and a low cross-polarization level of less than 15 dB. The front to back ratios are greater than 20 and 25 dB for the lower and upper frequency bands, respectively. The array produces the maximum radiation normal to the axis of the array, and the HPBWs of E-plane radiation patterns are about 23 • at the lower frequency band and 12 • at the upper frequency bands. The first side lobe levels of E-plane radiation patterns are greater than 18 dB at the lower frequency band. However, the grating lobes of 10 dB appear at 2.7 GHz. This is due to the element space between two upper-band elements is set as 125mm, which is greater than one wavelength at 2.7 GHz. Meanwhile, the total efficiency of the antenna array is greater than 83%.
The measured HPBWs of the H-plane radiation patterns and gains are depicted in Fig. 14 . For the lower frequency band, the HPBWs are about 65 • and decrease with frequency. While the gain has a peak of 12.34 dBi at 0.96 GHz. For the upper frequency band, the HPBWs are about 60 • except two edge frequencies. The gain curves are very flat and its value is about 15 dBi. Comparing with the performance of single element, the inner sidewalls have no influence on the lower-band element and can adjust HPBW of the H-plane radiation pattern of the upper-band element.
V. CONCLUSIONS
A compact dual-broadband dual-polarized antenna element is proposed in this paper. The upper-band element is nested into the lower-band element and placed on the additional ground platform. The additional ground platform reduces the overall size and suppresses the mutual coupling between the antenna elements. The nested element still exists two working frequency bandwidths of 30.3% and 50.4% for lower and upper bands, respectively. Furthermore, an array composed of three nested elements and two upper-band elements is designed and fabricated. The features of broadband impedance, stable radiation patterns, flat gains and HPBWs curves, indicate that the proposed geometry has a wide range of applications in multi-system wireless communications, such as 2G/3G/4G and LTE mobile communication systems.
